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Introduction 
 
Type 2 diabetes mellitus (T2DM) has reached 
epidemic proportions around the world, with this 
metabolic disease expected to increase to 592 
million people (1 in 10 adults) by 2035 (1). The 
body can suffer from various health problems 

because of T2DM, a complex metabolic disease 
(2, 3). 
A significant amount of evidence indicates that 
hyperglycemia results in the oxidation and pro-
tein glycation of many body tissues (4). Glucose 
toxicity is the most important factor in the devel-

Abstract 
Background: Salivary compounds can be used as diagnostic markers for changes in the oral cavity that cause 
oral problems in type 2 diabetes mellitus (T2DM). 
Methods: This meta-analysis searched PubMed/Medline, EMBASE, Scopus and Cochrane Library, and the 
Web of Science until Nov 2023. The observational studies included patients with T2DM and healthy controls 
aged > 18 yr with no oral health problems or systematic or periodontal diseases. The Quality in Prognostic 
Studies (QUIPS) tool was used to evaluate the risk of bias. The random-effects model was constructed using 
standardized mean differences (SMD).  
Results: The meta-analysis analyzed 13 observational studies that included 519 patients with T2DM and 356 
healthy controls. Non-fasting periods of 30 min to 8 h were used to measure salivary profiles. Overall, salivary 
proinflammatory mediators favored patients with T2DM (SMD: 1.66; CI95%: 0.42, 2.91, P<0.01) compared 
with healthy subjects. Subgroup analysis revealed that interleukin-6 (SMD: 1.33; CI95%: -0.04, 2.69, P<0.05), 
followed by interleukin-8 (SMD: 0.92; CI95%: -0.71, 2.55, P<0.13), was greater in patients with T2DM than in 
healthy subjects. Among patients with T2DM, network analysis identified salivary factors most closely associat-
ed with male sex (i.e., tumor necrosis factor), female sex (i.e., interleukin-8), fasting plasma glucose (i.e., C-
reactive protein), HbA1c (i.e., IL-8), and age (i.e., C-reactive protein).  
Conclusion: Overall, salivary IL-6 levels were greater in patients with T2DM and might be considered for 
monitoring oral changes. Moreover, network analysis could identify different salivary components that were 
most closely associated with patient characteristics. 
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opment of diabetic complications, such as high 
incidence of cerebrovascular disease, cardiovas-
cular disease, and retinopathy (5). In addition, 
T2DM is believed to be a risk factor for oral 
complications (6). Diabetic impairment can mod-
ulate periodontal tissue damage by causing poly-
morphonuclear leukocyte dysfunction, altered 
collagen and glycosaminoglycan production, and 
deregulated cytokine production (7).  
Furthermore, T2DM may be an inflammatory 
disease that can affect specific parts of the im-
mune system (8). Increased levels of circulating 
interleukin (IL)-1β, IL-6, and acute-phase pro-
teins, such as C-reactive protein (CRP), in T2DM 
may be due to the activation of innate immune 
cells (9, 10). Therefore, T2DM can alter the im-
mune responses, cytokines, chemokines, growth 
factors, nuclear factors, and immune cells in-
volved in the development and complications of 
T2DM (5). Because of the many and varied fac-
tors contributing to diabetes development and 
complications, it is important to study routine 
biomarkers that represent the pathophysiology of 
diabetes (5). For example, an increase in IL-6 and 
CRP levels can be indicative of T2DM (11) or a 
recent study reported sex-specific mRNA expres-
sion in peripheral blood mononuclear cells 
(PBMCs) in patients with T2DM (5).  
Saliva as a biological fluid is an alternative to se-
rum for diagnostic purposes because of the great 
similarities between the proteomes of saliva and 
serum (12). Saliva may also be utilized as a diag-
nostic fluid for oral diseases, which is noteworthy 
(7). For example, the concentrations of interferon 
gamma (IFNγ), procalcitonin, IL-6, and tumor 
necrosis factor alpha (TNF-α) in the blood are 
significantly correlated with their respective con-
centrations in saliva (13). The prevalence of oral 
complications and underlying diseases in HIV-
infected individuals is linked to elevated levels of 
salivary IFNγ (14). Identification of cytokine pat-
terns in saliva may be useful in diagnosing tuber-
culosis (14). The presence of proinflammatory 
cytokines in saliva may serve as an intravenous 

agent for measuring inflammation in patients 
with T2DM (13). Therefore, monitoring proin-
flammatory cytokine levels in saliva may be useful 
in assessing the pathophysiology and progression 
of patients with T2DM (13, 14). Quantification 
of biomarkers in saliva could serve as a useful 
tool for predicting susceptibility to periodontitis 
in humans (15). This provides information on 
periodontal activity and monitoring of the effec-
tiveness of periodontal treatment. 
In this study, we conducted a meta-analysis to 
estimate which salivary proinflammatory media-
tors were associated with T2DM. In addition, 
subnetwork analysis was performed to under-
stand the interrelationships between salivary pro-
inflammatory mediators and patient characteris-
tics, such as fasting plasma glucose (FPG), age, 
sex, and HbA1c levels. 
 

Methods 
 
Search strategy 
The PRISMA statement was followed in this 
study (Fig. 1). A literature search was performed 
in the following databases: PubMed/Medline, 
EMBASE, Scopus and Cochrane Library, and 
Web of Science to evaluate the salivary profile in 
adults with T2DM using MeSH and free words: 
“type 2 diabetes, diabetes mellitus type 2, type II 
diabetes, diabetes type II, diabetes type 2, or dia-
betes mellitus type II,” “immunoglobulin A, IgA, 
cytokines, chemokines, inflammatory factors, 
CRP, C-reactive protein, interleukin, IL-(1 to 18) 
TNFA, TNF-α, tumor necrosis factor-alpha” and 
“saliva” or “salivary”. Only English publications 
were searched until Nov 2023. To determine the 
likelihood of studies being missed, we reviewed 
the studies in Google Scholar using the afore-
mentioned search terms. In addition, these arti-
cles and other systematic reviews were analyzed 
using reference lists. All texts, tables, and figures 
in diabetes-related publications were carefully 
checked for saliva composition. 
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Fig. 1: PRISMA flow chart of the selection of studies 

 
Inclusion/exclusion criteria  
Observational studies were included in this meta-
analysis if they included two groups (both men 
and women aged 18 yr or older): T2DM patients 
(the exposure) and healthy controls (the compar-
ator). In addition, studies that included subjects 
with no oral health issues or systematic and peri-
odontal diseases were selected. Patients had only 
T2DM. Reviews, letters to the editor, or case re-
ports were not included in this study. Studies not 
reporting the mean or median salivary profile 
with the corresponding standard deviation (SD) 
or those reporting the salivary components in 
children (< 18 yr) were excluded. 
 
Data extraction/synthesis 
Two authors (Y. Z. and L. L.) searched for stud-
ies, checked the title and abstract of each study 
against the abovementioned criteria, and extract-
ed data. Data obtained for each study included 
the first author’s name, year of publication, coun-
try, sample size of patients and controls, power 

analysis, study type, any treatment, percentage of 
males or females, mean age and body mass index 
(BMI), condition of saliva sampling, salivary cy-
tokines/interleukins/inflammatory factors, IgA 
levels, FPG, and HbA1c levels in patients and 
controls. These data underwent a second analysis 
by two authors (Y. Z. and L. L.). Meta-analysis 
was performed using META-MAR version 2.7.0. 
Standardized mean differences (SMD) were used 
to determine the effect sizes for salivary cyto-
kines/interleukins/inflammatory factors and IgA 
in patients with T2DM or healthy subjects. Due 
to within- and between-parameter heterogeneity, 
a random-effects model was used to calculate the 
weighted mean effect sizes and 95% confidence 
intervals (CI95%). 
 
Heterogeneity and risk of bias in individual 
studies 
The I2 and Tau2 statistics were employed to esti-
mate statistical heterogeneity. According to the 
Cochrane Handbook of Systematic Reviews of 
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Interventions, I2 is used as a measure for the 
proportion of variance caused by heterogeneity, 
i.e., 30%-60%, 50%-90% and 75%-100% repre-
sent moderate, marked, and severe levels of het-
erogeneity, respectively (16). In addition, the 
Quality in Prognostic Studies (QUIPS) tool, an 
untested tool with space for personal interpreta-
tion, was used to evaluate the risk of bias in each 
study (17). The Cochrane Methods Prognosis 
Group recommends the QUIPS tool for research 
prediction because it accounts for all common 
sources of bias (17). Based on this, the QUIPS 
methodology was sufficient to determine the risk 
of bias. Each evaluated study was independently 
assessed for risk of bias (low, medium, or high 
risk of bias) by two team members. All disagree-
ments were resolved by consensus. The QUIPS 
tool includes domains on study participation, 
study attrition, prognostic factor measurement, 
outcomes measurement, statistical analysis and 
reporting, and study confounding (18). Studies 
with a low risk of bias included a detailed descrip-
tion of the population, design, and measures. 
They also included a clear explanation of how the 
intervention was conducted, the type of equip-
ment used, and how the data were interpreted. 
Studies with a moderate risk of bias had some 
biases, but not enough to invalidate the data. Alt-
hough these studies did not meet all the require-
ments for a low risk of bias ranking, they were 
more likely to be free of errors that would intro-
duce significant bias. Studies at high risk of bias 
had significant flaws and exhibited various forms 
of bias that could invalidate the results. High-risk 
studies contained one or more major or “fatal” 
errors in design, analysis, reporting, and large 
amounts of information were missing. Despite 
being present in the narrative synthesis, the re-
sults of the risk of bias assessment were excluded 
from the meta-analysis. In addition, publication 
bias was assessed by funnel plot analysis and Eg-
ger’s regression test, which showed that publica-
tion selection, was likely a source of bias. 
 
Network analysis 
We used network analysis to explore the salivary 
factors most linked to diabetes, age, sex, HbA1c, 

or FPG levels using interaction network analysis 
with a maximum cutoff criterion. According to 
the highest cut-off criteria, no variables were as-
sociated with the outcome. A force-directed lay-
out algorithm for network analysis was developed 
using Spearman's Rho similarity index and the 
Fruchterman-Reingold algorithm. This approach 
builds a network based on the frequency of node 
connections. Network visualization was con-
structed at the highest cutoff point of the net-
work (i.e., 50%). The clustering and correlation 
coefficients are represented by the size of the 
nodes (variables) and edges (interactions between 
parameters) with a maximum cutoff criterion. 
None of the variables was associated with the 
outcome after the highest cutoff criterion. The 
size of the nodes indicates the degree of connec-
tivity, whereas the thickness of the edges shows 
the link between the two variables. Network 
analysis was performed using the PAST tool. 
 

Results 
 
Characteristics of the studies 
As shown in Fig. 1, the databases were searched, 
and 421 studies were found. Following the re-
moval of duplicates, 251 studies were identified 
for screening. Of these, 226 studies were deemed 
irrelevant, and 12 more studies were removed for 
specific reasons from the remaining 25 studies. 
As a result, 13 studies —11 of which were cross-
sectional and two of which were case-control— 
were included and examined in the current meta-
analysis (7, 12, 19-29). Studies were published 
from 2009 to 2023. Two studies were reported 
from Nigeria, one from Brazil, one from Roma-
nia, four from Iran, two from the United States, 
one from India, one from Spain, and one from 
Iraq. Table 1 presents the features of the 13 stud-
ies that were part of the meta-analysis, with 875 
participants (539 diabetes patients and 336 
healthy individuals). In six studies (7, 22, 23, 25, 
27, 29), salivary profiles of patients and controls 
were measured under non-fasting conditions (30 
min, 90 min, or 2 h) and in three studies 
(20,26,28) under fasting conditions (overnight). 
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Four studies did not specify the fasting period 
(12, 19, 21, 24). In nine studies, participants with 

T2DM lacked information about the duration of 
diabetes (19-22, 24-26, 28).  

 
Table 1: Characteristics of the studies used in this meta-analysis 

 
Study Country No. of people (No. dia-

betes) 
Age, year 
(mean) 

Male, % Sampling time Study type 

Agho 2021 [12] Nigeria 75 (36) 46.2 57.4 NR Case control 

Costa 2010 [7] Brazil 42 (20) 48.5 33.3 2 h PP Cross sectional 

Monea 2018 [19] Romania 40 (20) 55.0 39.0 NR Cross sectional 

Srinivasan 2018 [23] USA 40 (20) 52.3 55.0 2 h PP Cross sectional 

Srinivasan 2015 [24] USA 40 (20) NR NR NR Cross sectional 

Tvarijonaviciute 2017 [27] Spain 65 (31) 49.6 38.5 2 h PP Cross sectional 

Balaji 2017 [29] India 40 (20) 50.0 NR 2 h PP Cross sectional 

Omamuzo 2021 [20] Nigeria 216 (176) 45.0 NR Overnight fasting Cross sectional 

Omer 2021 [21] Iraq 91 (61) 39.7 59.3 NR Cross sectional 

Sardari 2015 [22] Iran 38 (25) 55.6 34.2 30 min PP Cross sectional 

Vaziri 2010 [28] Iran 60 (40) 54.2 50.0 Overnight fasting Case control 

Shirzaiy 2023 [25] Iran 73 (35) 47.6 41.0 90 min PP Cross sectional 

Tavangar 2017 [26] Iran 55 (35) NR NR 8 h PP Cross sectional 

NR: not reported; PP: postprandial. 

 
Table 2 shows the subjects’ characteristics. The 
average age of the T2DM and healthy groups was 
51.2 and 46.1 yr, respectively. The proportion of 
males in the T2DM and healthy groups was 
44.3% and 45.1%, respectively. The T2DM 
group had a greater FPG (147.7 versus 86.4 
mg/dl) and HbA1c (65.0 versus 31.0 mmol/mol) 
than the healthy group. BMI was greater in the 

T2DM group than in the healthy group (27.6 ver-
sus 25.5 kg/m2). 
 

Quantitative data synthesis 
The pooled effect estimates for all factors re-
vealed that salivary proinflammatory mediators 
significantly favored T2DM patients compared 
with healthy controls (SMD = 1.66; CI95%: 0.42, 
2.91; P<0.01; I2 = 96%; Fig. 2). 

 
Table 2: Baseline characteristics of patients with type 2 diabetes and healthy controls 

 
Parameters All subjects 

(n = 875) 
Type 2 diabetes group 

(n = 539) 
Healthy group 

(n = 336) 

Age, year, mean [min, max] 48.7 [34.5, 57.0] 51.2 [40.4, 57.0] 46.1 [34.5, 55.5] 

Male, %, mean [min, max] 44.8 [23.0, 72.2] 44.3 [31.4, 60.0] 45.1 [23.0, 72.2] 

Female, %, mean [min, max] 55.3 [27.8, 77.0] 55.7 [40.0, 68.6] 54.9 [27.8, 77.0] 

Hb1Ac, mmol/mol, mean [min, max] 52.0 [22.0, 75.0] 65.0 [56.0, 75.0] 31.0 [22.0, 37.0] 

FPG, mg/dl, mean [min, max] 117.1 [76.3, 215.4] 147.7 [81.1, 215.4] 86.4 [76.3, 98.9] 

BMI, kg/m2, mean [min, max] 26.6 [24.8, 28.5] 27.6 [26.4, 28.5] 25.5 [24.8, 26.7] 
Salivary items 
IL-6, pg/ml, mean [SD] 89.9 [123.4] 114.4 [126.9] 68.4 [125.7] 
IL-8, pg/ml, mean [SD] 494.8 [453.1] 535.0 [503.6] 454.6 [504.8] 
TNF-α, pg/ml, mean [SD] 117.33 [67.2] 130.58 [106.7] 104.1 [210.4] 

CRP, µg/ml, mean [SD] 4.2 [4.2] 6.2 [5.4] 2.1 [1.8] 

IgA, µg/ml, mean [SD] 838.0 [1318.0] 1063.8 [1784.5] 612.1 [1005.8] 

CRP: C-reactive protein; IL: interleukin; TNF-α: Tumor necrosis factor alpha; BMI: body mass index. 
FPG: fasting plasma glucose; SD: standard deviation 
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Tests for subgroup differences revealed no statis-
tically significant subgroup effects (P=0.28), indi-
cating that the type of proinflammatory mediator 
did not alter the overall effect. As shown in Fig. 
2, of the 13 studies, 5 investigated TNF-α in the 
saliva of patients with T2DM and healthy con-
trols (12, 19, 23, 24, 27). Meta-analysis showed 
that salivary TNF-α levels were not significantly 
different between the T2DM and healthy groups 
(SMD 0.63; CI95%: -0.65, 1.91; P = 0.24; and I2 = 

90%). However, 4 of 5 studies reported higher 
salivary TNF-α levels in patients with T2DM 
than in healthy subjects. Seven studies compared 
salivary IL-6 levels between patients with T2DM 
and healthy controls (7, 12, 19, 23, 24, 27, 29). 
Salivary IL-6 levels significantly favored patients 
with T2DM (SMD 1.33; CI95%: -0.04, 2.69; 
P<0.01) compared with healthy subjects. Hetero-
geneity was high in this subgroup analysis (I2 = 
89%, P<0.01). 

 

 
Fig. 2: The forest plot depicts the pooled effect size and subgroup analysis in healthy subjects and patients with type 
2 diabetes mellitus. The standardized mean difference (SMD) was estimated by meta-analysis. CRP: C-reactive pro-

tein; IL: interleukin; TNFA: tumor necrosis factor alpha 
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A meta-analysis of 3 studies (12, 20, 21) showed 
that salivary CRP levels were associated with 
T2DM (SMD 6.15; CI95%: -7.57, 19.87; P=0.19, I2 

=99%). All three studies included in the meta-
analysis reported greater salivary CRP levels in 
patients with T2DM than in healthy subjects. 

Three studies reported that salivary levels of IgA 
(21, 22, 28) (SMD 0.44; CI95%: -0.97, 1.85; 
P=0.31, I2 = 79%) and IL-8 (25-27) (SMD 0.92; 
CI95%: -0.71, 2.55; P=0.13, I2 = 84%) were higher 
in patients with T2DM than in healthy subjects. 

 

 
Fig. 3: (A) Funnel plot of 13 studies included in this meta-analysis. (B) Risk of publication bias and heterogeneity 

 
Heterogeneity and the risk of bias 
The confounding study and statistical analysis 
were a concern in this meta-analysis, with 11 and 
8 studies being at high risk of bias due to con-
founding or statistical analysis, respectively. In 
this analysis, most studies (11/13) had a high and 
moderate risk of bias, according to the QUIPS 
tool (Table 3). Asymmetry in the funnel plot (Fig. 
3A) was assessed using the Egger regression test 
(Fig. 3B). This revealed a significant publication 
bias (t: 4.13; P=0.0006; Fig. 3B). Asymmetry in 
the funnel plot suggests the presence of publica-

tion bias and an overestimation of the overall 
effect size.  
A high degree of heterogeneity was evident in all 
meta-analyses, as evidenced by high I2 indices (I2: 
79 to 99%; P<0.01; Fig. 2). Meta-regression anal-
ysis confirmed significant heterogeneity 
(P<0.0001) in the outcomes of interest (Fig. 3B). 
This heterogeneity might be due to patient char-
acteristics, unknown patient conditions (i.e., dif-
ferent diets or physical activities), or heterogenei-
ty in the source of exposure (i.e., race, age, differ-
ent drug delivery methods or systems, etc.).
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Table 3: Risk of publication bias (according to the QUIPS tool) 

 

Study Participation Attrition Prognostic 
factor 

Outcome Statistical 
analysis 
and re-
porting 

Study con-
founding 

Risk 
of 

bias 
 

Agho 2021 [12] Low Low Moderate Low Low Low - 

Costa 2010 [7] Moderate Low Low Low Low Low - 

Monea 2018 [19] Moderate Low Low Low High High +/- 

Srinivasan 2018 [23] High High High Moderate High High + 

Srinivasan 2015 [24] High High Moderate Moderate High High + 

Tvarijonaviciute 2017 
[27] 

Moderate Moderate Moderate Moderate Moderate High +/- 

Balaji 2017 [29] Moderate Low Moderate Moderate High High +/- 

Omamuzo 2021 [20] Moderate Low Moderate Moderate Moderate High +/- 

Omer 2021 [21] Moderate High Moderate Low High High + 

Sardari 2015 [22] High Moderate Moderate Moderate High High + 

Vaziri 2010 [28] High High Moderate Moderate High High + 

Shirzaiy 2023 [25] Low Low Moderate Moderate Moderate High +/- 

Tavangar 2017 [26] Moderate High Moderate Moderate High High + 

Overall: High risk 4/13 5/13 1/13 0/13 8/13 11/13 6/13 

Overall: Moderate risk 7/13 2/13 10/13 9/13 3/13 0/13 5/13 

Overall: Low risk 2/13 6/13 2/13 4/13 2/13 2/13 2/13 

+: high; +/−: moderate; - : low 

 
Network analysis 
To identify salivary components most closely as-
sociated with patient characteristics (i.e., FPG, 
HbA1c, age, and sex), we performed network 
analysis using the highest cutoff points for net-
work visualization. To achieve this, the cutoff 
point was increased stepwise until a point was 
reached where no association was established 
between patient characteristics and salivary com-
ponents. 
Network analysis (at the highest cutoff: 67%) re-
vealed that salivary CRP was the mediator most 

closely associated with FPG levels (Fig. 4A). At 
the highest network visualization cutoff of 59%, 
we found that salivary CRP was the factor most 
closely associated with age (Fig. 4B). At the high-
est cutoff point of the network visualization, sali-
vary IL-8 was most closely associated with female 
sex (network cutoff point: 67%, Fig. 4A) or 
HbA1c (network cutoff point: 59%, Fig. 4C). 
The highest cutoff point for network visualiza-
tion revealed that TNF-α was the salivary factor 
most strongly associated with male sex (network 
cutoff point: 50%, Fig. 4D). 
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Fig. 4: Sub-network Enrichment analysis to reveal complex links among variables. The salivary components 
most closely associated with (A) fasting plasma glucose (FPG) and female sex; (B) age; (C) HbA1c; and (D) male sex. 
CRP: C-reactive protein; IL: interleukin; TNFA: tumor necrosis factor alpha; BMI: body mass index. Blue represents 

patient characteristics. Red represents salivary factors associated with patient characteristics 

 

Discussion 
 
This meta-analysis indicated that T2DM was 
linked to an increase in salivary inflammatory 
mediators in patients without oral problems. In-
terestingly, network analysis revealed sex-specific 
associations of salivary proinflammatory media-
tors in patients with T2DM. 
According to network analysis, CRP was found 
to be the salivary mediator most closely linked 
with diabetes. CRP was also the factor most 
closely related to FPG levels in patients with 
T2DM. Furthermore, all studies included in this 
meta-analysis reported that CRP levels were 
greater in patients with T2DM than in healthy 
controls. Previous studies have reported that sali-
vary CRP levels are higher in patients with 
T2DM than in healthy individuals (30). The asso-
ciation between salivary CRP and FPG levels 
suggests that inflammation is a key feature of in-
sulin resistance in T2DM (31). Other conditions, 
such as periodontal disease, heart inflammation, 
obesity, and kidney dysfunction, may also be as-
sociated with elevated CRP levels (32). This issue 

limits the use of these biomarkers to monitor di-
abetes (32). In this study, BMI was higher in pa-
tients with T2DM than in healthy subjects (27.6 
vs. 25.5 kg/m2). A positive association between 
BMI and CRP levels has been reported (33). Sali-
vary CRP levels were six times higher in obese 
subjects than in normal-weight subject (34). 
Therefore, high BMI and the presence of T2DM 
may partially explain the high levels of salivary 
CRP in patients with T2M, even in the absence 
of oral problems. There are inconsistent results 
regarding the relationship between serum and 
salivary CRP levels (35-37). Salivary CRP levels 
currently do not have a consistent and strong 
correlation with serum CRP levels and are there-
fore not suitable for predicting systemic inflam-
mation. The discrepant correlation between se-
rum and salivary CRP levels suggests the possibil-
ity of local secretion of CRP in saliva. The devel-
opment of insulin resistance is mainly associated 
with low-level tissue-specific inflammatory re-
sponses triggered by various mediators of proin-
flammatory and/or oxidative stress (38). Low-
grade local inflammation plays a key role in the 
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development of insulin resistance and the patho-
genesis of T2DM. Therefore, T2DM-induced 
low-grade local inflammation may predispose 
patients to comorbidities. 
This study showed that salivary IL-6 (significant-
ly) and IL-8 favored T2DM. These cytokines are 
known to be a risk factor for periodontitis (6). 
Diabetes can regulate periodontal tissue destruc-
tion through vascular changes, alter collagen and 
glycosaminoglycan synthesis, and regulate cyto-
kine production (39). IL-6 stimulates osteoclast 
activity and bone resorption in periodontitis (40). 
In addition, IL-8 acts as an important chemokine 
in the induction and development of periodonti-
tis (41), a potent chemoattractant cytokine and 
activator of neutrophils at sites of inflammation 
(42). Therefore, high levels of IL-6 and IL-8 in 
saliva can cause oral problems in people with 
T2DM. 
TNF-α is another important inflammatory cyto-
kine closely associated with insulin resistance and 
plays a role in the regulation of CRP expression 
associated with insulin resistance (43). In addi-
tion, TNF-α contributes to the development of 
periodontal inflammation, such as periodontitis 
(44). Increased levels of TNF-α in various perio-
dontal tissue cells are associated with periodontal 
tissue destruction, including bone resorption (44). 
The findings of the network analysis showed that 
males were more likely to have elevated levels of 
salivary TNF-α. Therefore, high levels of TNF-α 
in saliva may be a sign of periodontal damage, 
particularly in men.  
Network analysis revealed a sex-specific link be-
tween patient characteristics and salivary proin-
flammatory mediators. Males and females were 
associated with TNF-α and IL-8 levels, respec-
tively. Gene expression in PBMCs from patients 
with T2DM was recently reported to be sex-
specific (5). Regarding sex effects, IL-12p70, IL-
1β, IL-13, IL-2, IL-8, and TNF-α were found to 
have higher concentrations in males than in fe-
males (13). In the present meta-analysis, it was 
not possible to assess sex differences. However, 
using network analysis, we found sex-specific as-
sociations between patient characteristics and 
salivary cytokines. However, the exact reason for 

this discrepancy is unclear and requires further 
research. Knowledge of sex differences in salivary 
cytokines may have important implications for 
their use as disease biomarkers and may be asso-
ciated with sex differences in diabetic conditions. 
 

Conclusion 
 
The results may contribute to knowledge regard-
ing the development of standardized protocols to 
use saliva as a diagnostic tool for screening, mon-
itoring, and management of T2DM. In addition, 
elevated levels of proinflammatory mediators in 
saliva indicated a differential inflammatory pro-
cess associated with T2DM in both sexes. 
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